Focal adhesion kinase is redistributed to focal complexes and mediates cell spreading in macrophages in response to M-CSF.
The macrophage colony-stimulating factor (M-CSF, CSF-1) regulates survival, proliferation and differentiation of mononuclear phagocytes, as well as macrophage motility and morphology. The latter features are usually regulated by ECM-mediated activation of integrins and subsequent tyrosine phosphorylation of cellular proteins, including focal adhesion kinase (FAK). FAK is phosphorylated by downstream receptor tyrosine kinases as well. We addressed the question whether M-CSF regulates FAK tyrosine phosphorylation in macrophages, and found that M-CSF induces FAK phosphorylation at all known tyrosine residues. This phosphorylation was dependent on Src. Extracellularly-regulated kinase (ERK), Jun N-terminal kinase (JNK) and phosphatidylinositol-3-kinase (PI3K) were found to be negatively involved in M-CSF-induced FAK phosphorylation, as their inhibition resulted in FAK hyper-phosphorylation. Following M-CSF treatment, FAK and the active forms of M-CSFR and Src were redistributed to the cytoskeleton, where active ERK, JNK and PI3K were detectable. Immunofluorescence showed the presence of FAK and its active form in focal complexes following M-CSF treatment. Moreover, cell spreading and adhesion were impaired when FAK tyrosine phosphorylation was abrogated by either transfection with FRNK, a dominant negative form of FAK, or treatment with a number of inhibitors of upstream FAK-activating signals. These results point to a relevant role for FAK in the regulation of cell spreading and adhesion in macrophages.